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{±M^if%jy: (43^) i^^1^^^#Il;#i#f 470 lt;2;^ 



• (4^35:) 



2 



— m. Earle f-^ ^ t: 5^ ^ ^ tS: tf >5r -^^ > 1^ Earle f-^ ^ H 



1 Earle f-l^tSS- 

10 ^"^m 
12 ^-^m 

14 AM 
16 ^-^frl 
CLK' >^;teBfm^^ 

OUT pm^a 
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13 ^-^m 
15 ^-r-^^ 
CLK H^i^^^ 
DATA t#^^ 
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Om^^^ [^&^iff^ : ^1?^^ 'mm' am-' mm m 
1. 



2., 
3. 



5 



^^mA^m^-m. Earle -tS^A^^tt^^-^fe ' 

m; 21- ^ E t ^ ^ ^ ' m it^^]}^'^' ^s^^^ - >nH>^^ 

^ 5^ it a$ fa^ Earle f-l ^ t ^ ^ tS: tf » 

S^fem ^fe^^ ^> e.i£^#:a^a >H I. J^m^^^ ' J-# 

M '4k^ M. ^ i^-^ ^ ^ ^ ^k'fk ^ ^ ^% ^ m ^ ' t 

^ ^ r^^M^ f^^m ^ ' ^ ^ yLa is }^ ® ^ A # # ^ ^ j. 

dja^-S^TF ' NAND M ik, ^ D M 

^ 2 ' ^ t # ^® ^ CLK ^M^^^Pr^^ 

DATA DATA' ° ^ D ^ f-^ ^ M 2 BL^ 

^ # ^ ^ DATA' ^ I, ^ # l-X A 5§ it f.l :^ ^ ^il f^^ 

3t)6^)^,ffe ° ®^ ' ' — ^^;?p^ D 
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^ g 2 Earle P-1 ^ € 5^ 3 ^ iS ° # Earle P-1 ^ € 51- 3 
^^^M^BL^nt^^^ DATA' ' 3.^^^ ^^Bk^^ 
CLK )siBL^^m^^^ CLK'^|,^# ' ffq J- * ^ ^® Ti^ 
3g ' m a ^ D ^ F-^ ^ H 2 'h^ it = itb ' # Earle F-^ ^ tS: 
tf »r it ffl ^ Ft 4i 'f" (Two-Level Sum-of-Product)^ ^ ^ 

: ;&a^ A ^ ;^;(ra B Ait'flL C ' ^ it. >fA t SS- ( ^ # 
^ f: 5^ 40):tL ^ ^ ^ :^ ^ ^ ^ T : 
it.'f4^tii(Y)=^;!m P^^(A) • ^^^m^^W 

+ H ^^(B) • ^;&a H i^^i^^CC) 
+ ^;&t7 ll^^(A) • ^ijv H it^i^^CC) 

. 3.^^^mm^ ' .^-f^J^^-^:^ Earle H^^S^tSitf^^ 
F-1 ^ ^ A (Cout)=^ ^^^^3^ 40( ?p A • B+B • C+A • C) 

•• Btr^^Tv cLK+^i^^i^ tsg- 40 • 

^ di +F-^^^ {fc • B^r^^^ CLK' 

40 ^t^m^^^t^'i^(i^ ^ B ^ C)B^ ' Earle F-1 ^ f: 2^ 

t^tt^^;&o H it.'fS: €5^ 4 gp lii^ 4i M ^ # ^ t 5^ 40' J^A 
>^^.j^B^rfc^^ CLK^H^^tB Cout it.#^^"^"*#^° 

3^ 5^ ^ S ' ^9 :fen jtb — ^ ^P ^ i^ ^ € 51- © ^ ^ ^ ^ ^ 




% it .» M *g . * # * it A * £ B ^ ft ^4 SJ #. * f 



*i D 



m^b ' ^^m:^U^ . ^^^^-^ Earle P-^ ^ ^ ^ A 

^ ^ ' ^ 1^ Earle f-l^t^^t^tf^T.^ > ^tl^ 
Earle ^"1 ^ € ^ & # - * ^ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

5^ ® ^ ^ ^ # A ^ if Bf fa^ ^ ^ o 

^^h . ^^a^^?f,J.itt^tf Earle f-1 ^' f: 5^ , ^ 

^nmm^ . ^^^^ttr-l^^dj ' ^#f^^^ : Earle « 

frl ^ -S- Pt^ - — ^ ^ ^ ^ __ 
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#^^"^"it * i-^^ >^ ^ - ^- ^^ » l^^-AFf^ffii-Xltl^^ 

itb ' >ft ^ # i€ # l: ^ S # ^ "fi^ it B'J € 51- ® ^ 

- >^ ^ # ^ ^ Bf Fb^ ^ 5^ » 

10 T ie< ^ -1^ # ffl^ ^ - * ^fe ^'J 6t ^ 3^ t ' )lf ^ >f € 

^ » 

.ji^#a^ Earle r-^ ^ €5^^*t^tt ;r t ' ^ ffl m 
' Earle F-^^ti^ 1 ^^^'^-t^t^^ DATA ' J. Earle 
1 ^1^^ CLK - — ^;i=aBfE^^^ CLK' 

15 ^*F-1^^A OUT ^f-JW^^^ DATA ' a^i^F-l^^iU 
OUT ° ' a^rafflm^^ Earle F-1 ^ € 5^ 1 ' ^ tt # # 

DATA ' ^#B^ Earle F-1^€J^ 1 ^tSitf 

::^r ^ :lra T • 

r^^^ CLK F-1^lt OUT it^^^"^(OR)" 

20 ' gr>gpHfrR^^ CLK ^F-i^^ib OUT ^n^^-^- 

^-t¥t DATA ^n^i^-%-3^m 12 ifc ^ ^ #1 (AND)" 
^^J-X^^-^-^^ 13 = 

I^Bf ' ^n^m^ OUT I^Bf r^^;fa|#7v CLK'^15]^ 
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^ 15 » 

m'<k ' mn>-m7^ 13 ^^^^Jl 15 ^JSJ^Tv-^^ 
ATA 16 3te^l^"^(0R)"ig^fln^;^tt P-l^^iiJ OUT > 
'5 ^ ^ Earle F-1 ^ f; 1 ° 

^Jiitl^a^^^o . #*4^#a^ Earle 1 ^tSitf 

' ^ /v DATA ^ ^ ^ ^'J ^ It ^ ^ CLK ^ f-l ^ ^ 

OUT it^€^">5L"it* ' S ^ ^# * ^ - ^ FtI 10 
^ CLK ^f-^^^di OUT ^34;ftiS*^"^"it#^^^-^^Jl 
10 11 'ik ' #^t*^^^ DATA it#it*l"A"il# ' ^PTiSit 

#r^t# DATA^F^t " 

(#J ^ AB+BC+CA) . ^ ^ m :^ ¥^ 

^%s^^^mm^'t¥t DATA n^^^itm 

15 k ' a T 1^ ix - ^ <H ^ ° 

^ ^ S.m ^fjyf^ ' i-^^. 4^ ^ Earle f-^ ^ € ^ ^ ^ tf :^ >^ 
^/flSLtf^^^^Hit-fi^Sg- 5'-^^^7P&ij^7^f-## A-B 

20 ^ : AB+AC+BC)) > ffn # 8^ tS: tf ^ >t #> )if ^ ilk # 
Earle ^S^^^^Sl^ ^ Cout ^ ^ : 

cout=^ 40 • E^m.^^ CLK+^^N^^I^ 

40 • f-l^^iti Cout Cout* 8^f^^4a 

CLK' 
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Cout= 40 • (BfM.^^ CLK+ f-1 ^ ^ A 

cout)+F-^^it {ti • B^m^BL^m^ cir 

Cout ^^;5'J,if:* ^-^F'fl 51 5t^"^"it^4lL ' #^^^'J$^ 
^51- 40 §f/ ^ ^© ^ - F-pI 52 t ' 

— ^ft^ 10 > 51 - ^FtI 12 ^ 52 E^;J^^JX CMOS 

fi^ (Complex Gate)^ tf ' ^jt Is] - f^^ i^g > ^ ^ ^ F^l || 
# Earle f-1 ^ € 3^ 1^ ' ^ ^ f^l 16^53 3^4^ 
(Fan-in) ^^^j.^ • it ^ # .^^ (Lumped) t ^ 4a # ♦ S An # 

A 5i if fal tb # Earle € 51- H = S itb ' ^ ;^^m Earle 
F-^ ^ t tS: tf ^ ^ ;«?o ^ it € 5 Ml ® ^ - m ^ 
^ 5^ it Fal # :t ^ /J^ ffo ^ # Earle F-1 ^ € 5^ 4 - 

ffijJL ' ^;N^^^f:5^I^T ^J^-^T'f^.ffl^^^^a^:^ Earle ^ m 

m^SL^ a :^ m. ' l'Jdfo^iffl//f7it ' it-fi^Hi Cout ^Bf 
CLK ,^1. ^ - ^ F^ 51 ' T Jl##^ 

(^^)^^iiil^ t 51- 40 -M. t ^ - A Ff^ 52 t 

^ ^ T # 4; - it # " ^ " m 5^ ) ' ^?>J ^ ^ H ^ it 
^lij:^r^^8f . mm^^L^sa Cout ^i^*|"^"it # T Jl# * 
tg;?tr;^^iil^ t:5^ 40 ^j^^k- ^m^'^S^i^? ^ ^M.m 53)^ 

11 



- ^ ^Mll ffl ® 5^ ^vi ^ it B# PbI o 

it^Y ' 11- J-X _L ^ i/o H it t 5^ ^ ^'j ' it i§ ® ^ 
B^a >H M,-^tt t CMOS 1P3M(-^ Polysilicon(|> a^a-Bj') 

5 H^A^yf Metal(^>i 0.6jtzm ^ 5^ ^ 1^ -f^ ii, b% >! ' it a 

- ^k'f^ ^m^i'M^^^^n^^^ Earle F-1 ^ ^ 5^ 60 >^ ' *t 

>^JJ ^#*:Jtn ^ 7^ @ /V ffl ^ ' ^ t ^ 7^ ffl ^ ^ 

' ^ -t ffl ^ ^;&o H :^it^(Cout)^ ?iL^ ' ^^V®^^ 

^ ^ (Sum)^ lij >^ ^ ' X ^ -t - EI t # fl^ ' 

10 ^^6fj^^^.^^^a^ Earle Pi m S$~ntf ^ ^ Mi B ' ^^4^ 
Earle f-^ ^ % S^tf tSi^^ ^ ^ ' J. * Bl t 4t #4 6^ 
^ tt ^ iB # M. Earle f-l ^ € ^ tf ^ g F-1 ^ il ^ ^ 
33MHz ' ffi3;^#a^ Earle f-1 ^ € IS: tf ^ f-^ ^ it ^ ^ 60MHz 
" ^ ' ^ )^ ^ m^^^ ^ * # Earle f-l 

15 m^S^"^^^^^ n }^ ^ ^ 13458 ' ;*L#B^ 

tSlti :^^y&v7 g a^B >1 6t 12738Aim^ ' ftSI^^^B^^B^a 

>^ Earle F-1 ^ f: 5^ ' J. f-1 ^ it >^ ^ ^ # 

Earle f-1 ^ ^ iE^ T ^if - -fg- = 

' ^n.t9um<^^^%m^$r^^^^^m. Earle F-1 
20 ^ ms^mtf ^ it'flL'tS^ ' -f^ffi CMOS 1P6M(-^ $^ 
^3.^ ^ ^M^) OA^ fim^m. ' i-X Hspice(-^ 
^ ' T i^c ^ ^ # ^ ^ M t5: tf € ^ it - € >t € 

# M 41 tb ^ l# ^ -sr ' ^^m^ y% ^ 

^/f * * ^ f-^ ^ t 5^ 4a ^ ft ' ffij J- ^ ^ i^ 8f 




^ ;^ iJ'^ ' .7)^ tb # Earle P\^%^0^- " 

m±.^f\^ ' ^#Bg Earle P-1 ^ 1; 5|- ^ ^ ^ tf ;$r >^ # * 
Bf^^^ CLK P-^^^ tH OUT 

5 'f^^#3§m:5^;f t ^;5mBf r^^^ clk p-^^^iij^i^^ 

ilb ' /m ^ 1^ Ff^ it 6f| ^ m ^ * ^ ® ^ ' ^^i^:^ ^ y% ^ 
'1^ J-X _L ^/r it * ' 'ft ^ >^ # 4L *t #: ^ ffij e. ' # ^ 

10 itfk:K^^mt i^^^m ' a ^ # t if ^ ^.j 

>{i -^5 yi ^ f.j ^ ^ H ig o 

15 ^ — ® ;%#.#c. Earle P-1 ^ f; ffl ; 

^ ^ ® ;^ i-X # Earle P-1 ^ ^ IS: tf ^^ii^ n m 

^ ® ^ # Earle f-1 ^ € 5^ — ^ ^ >f?.J » 
^ ^fe * # ^ - t f4 It ^ DATA o 

^ :^ ® ~ ^ ffl ^ ;^ 4^ ^ Earle P-l ^ 5^ ^ 
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1 Earle f-I^HS^ 
10^5.1 ^-^F^l 
12 ^ 52 ^-^F?1 
14 ^^JSLm 
16 > 53 ^— ^F,q 
CLK B^fllg.^T^ 
DATA t*^^^ 
Cout it^i^il 



5 ^;&o^it^€5^ 
11 ^-^nj^ 

13 n-m^ 

15 ^-r-^JS 

40 ^#^#l;5§- 

CLK' H.^Bfr^^^ 

OUT r-i^#it} 

A ^ B > C 
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1. — ^EarleF-1^l:a^^^tt;5r>^ ' Earle f-^ ^ f: & ^ - * 

4.-^EarleF-1^ ^51- > ^ # - ^ ^ ;!.^ ^.ijaj- ^ ^ 4l ^ ^ 
t^Earlef-^^f:5^^^# : 
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6.^ t tf^^l^ SI ^ 4^531 ^;riilL^Earlef-1 ^ llfiS- > ^^^^ 
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CLK 



CLK- 




Cout 




% 3- 
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t * *** *wJ ' 


y& mOl *w 




0.144 


0. 274 


oo 






0.316 


0. 284 


CO 


00 




0.164 


0.313 


cn 


00 


CD 


0. 328 


0. 262 


oo 


CD 


Jamb 
latch 


<=> 








tram 


OO 
03 
OO 


CO 

tn 


00 




smission 
e latch 


0. 299 


0. 396 


00 


CO 


Tri -state 
buffer 


0.148 


0. 209 


00 

CO 
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Modified 
Svensson 

latch 



